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(54) ZIRCON-BASED REFRACTORY 

(57)Abstract: 

PURPOSE: To provide zircon-based refractories capable of suppressing erosion by slag 
without deteriorating the thermal shock resistance and usable even at a position liable to 
undergo erosion by slag. 

CONSTITUTION: Natural zircon powder is mixed with at least one of a mixture of high purity 
zircon powder with Zr02 powder and Si02 powder and a mixture of Zr02 fibers with Si02 
powder and the resulting mixture is fired so as to attain 3-15% apparent porosity. The 
deterioration of resistance to erosion by slag caused in the case of >15% apparent porosity as 
well as the deterioration of thermal shock resistance due to the increase of the coefft. of 
thermal expansion caused in the case of <3% apparent porosity can be prevented. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Zircon refractories characterized by having calcinated zircon powder, or having 
mixed and calcinated the mixture of the mixed powder of Zr02 powder and Si02 powder, 
and/or Zr02 fiber and Si02 powder to zircon powder, and making apparent porosity into 15% 
or less 3% or more. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the part which receives an erosion with the 
furnace wall and slag of a melting furnace of industrial waste, and the zircon refractories used 
for glass melting equipment. 
[0002] 

[Description of the Prior Art] Conventionally, zircon refractories are widely used as the object 

for steel manufacture, and refractories for glass melting furnaces. 

[0003] 

[Problem(s) to be Solved by the Invention] However, when a metal slag existed in melt, there 
was a problem that an erosion was intense, and the conventional zircon refractories had the 
problem of not being suitable for the part which receives an erosion with the furnace wall and 
slag of a melting furnace of industrial waste. This is for the height (17 - 26% of apparent 
porosity) of the porosity which has given thermal shock resistance to cause infiltration of a 
slag, and for an erosion to advance. 

[0004] This invention solves the above-mentioned trouble, it can lessen the erosion by the 
slag, without reducing thermal shock resistance, and aims at providing with usable zircon 
refractories the part which is easy to receive the erosion by the slag. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, the zircon 
refractories of this invention calcinate zircon powder, or mix and calcinate the mixture of the 
mixed powder of Zr02 powder and Si02 powder, and/or Zr02 fiber and Si02 powder to zircon 
powder, and make apparent porosity 15% or less 3% or more. 
[0006] 

[Function] the above-mentioned configuration - getting twisted - by controlling increase of 
coefficient of thermal expansion, holding thermal shock resistance, and making apparent 
porosity into 15% or less by making apparent porosity of refractories into 3% or more, slag- 
proof erosion nature can be improved, the erosion by the slag can be lessened, without 
reducing thermal shock resistance, and the part which is easy to receive an erosion can also 
be provided with usable zircon refractories. 
[0007] 

[Example] Hereafter, one example of the zircon refractories concerning this invention is 
explained. The property required of the part which receives an erosion with the furnace wall 
and slag of a melting furnace of industrial waste, and the zircon refractories used for a glass 
melting furnace is the two following points. 

(1) In thermal shock resistance, a crack should not occur in 20 times of repeats at 1000 
degrees C of quenching temperature differences, either. 

(2) It is 200 to the melt of a metal slag. Even if time amount is immersed, there needs to be no 



exterior remarkable change. 

[0008] In order to satisfy the two above-mentioned points, after blending 1 5 % of the weight or 
more and less than 30 % of the weight, kneading high grade zircon (ZrSi04) powder with a 
dispersion-medium object (for example, ethanol) to the natural zircon powder which is a raw 
material base material, drying to it and fabricating the zircon refractories of this invention, they 
are calcinated in atmospheric air, and make apparent porosity 3% or more and 15% or less. 
[0009] Moreover, after blending 30 and underweight % 5% of the weight or more, kneading 
the mixed powder of high grade zirconia (Zr02) powder + oxidation silicon (Si02) powder with 
a dispersion-medium object (for example, ethanol) to the natural zircon powder which is a raw 
material base material, drying to it and fabricating the zircon refractories of this invention, they 
are calcinated in atmospheric air, and they make apparent porosity 3% or more and 15% or 
less. 

[0010] Furthermore, after blending 5 % of the weight or more and less than 30 % of the weight, 
kneading the mixture of zirconia fiber (Zr02) + oxidation silicon (Si02) powder with a 
dispersion-medium object (for example, ethanol) to the natural zircon powder which is a raw 
material base material, drying to it and fabricating the zircon refractories of this invention, they 
are calcinated in atmospheric air, and they make apparent porosity 3% or more and 15% or 
less. 

[001 1] After blending 5 % of the weight or more and less than 30 % of the weight, kneading 
high grade zircon (ZrSi04) powder and the mixed powder of a high grade zirconia (Zr02) 
powder + oxidation silicon (Si02 powder) with a dispersion-medium object (for example, 
ethanol) to the natural zircon powder which is a raw material base material, drying to it and 
fabricating the zircon refractories of this invention, they are calcinated in atmospheric air, and 
they make apparent porosity 3% or more and 15% or less further again. 
[0012] Moreover, after blending 5 % of the weight or more and less than 30 % of the weight, 
kneading the mixture of high grade zirconia (Zr02) powder and zirconia fiber (ZrSi04) powder 
+ oxidation silicon (Si02) powder with a dispersion-medium object (for example, ethanol) to 
the natural zircon powder which is a raw material base material, drying to it and fabricating the 
zircon refractories of this invention, they are calcinated in atmospheric air, and they make 
apparent porosity 3% or more and 15% or less. 

[0013] The zircon refractories of this invention to furthermore, the natural zircon powder which 
is a raw material base material The mixture of high grade zircon (ZrSi04) powder, the mixed 
powder of a high grade zirconia (Zr02) powder + oxidization silicon (Si02 powder), and 
zirconia fiber (Zr02) + oxidization silicon (Si02) powder 5 % of the weight or more, Less than 
30 % of the weight is blended, after kneading with a dispersion-medium object (for example, 
ethanol), drying and fabricating, it calcinates in atmospheric air, and apparent porosity is made 
into 3% or more and 15% or less. 

[0014] In addition, the presentations of natural zircon (from Australia) are ZrO2(+HfO2):0.02 % 
of the weight, MgO:0.02 % of the weight, and other impurities here. : 66.4 % of the weight, 
2:32.8 % of the weight of Total SiO, 2:0.13 % of the weight of TiO(s), Fe 203 : 0.10 % of the 
weight, aluminum 203 : 0.20 % of the weight, Cr 203 : 0.007 Weight %, CaO 
[0015] Next, the experimental result which was mixed suitably and calcinated natural zircon 
powder, high grade zircon (ZrSi04) powder, the mixed powder of Zr02 powder +Si02 powder, 
and the mixed powder of Zr02 fiber +Si02 powder is shown in Table 1 . 
[0016] The raw material used here the natural zircon powder of - base material Grain-size 
grain size: 1-2000 micrometers and mean-diameter:400 mum and high grade zircon (ZrSi04) 
powder 99.9% or more of purity, a mean diameter: 0.5 mum and high grade zirconia (Zr02) 
powder 99.9% or more of purity, a mean diameter: 0.3 mum and oxidization silicon (Si02) 
powder are mean-diameter:0.5. mum and a zirconia fiber (Zr02) are fiber length:500 - 
2000micrometer and wire-size:5micrometer. 



[0017] Beforehand, high grade zirconia (Zr02) powder, oxidization silicon (Si02) powder, and 
a zirconia fiber (Zr02) and oxidization silicon (Si02) powder blend Zr02 and Si02 by the 
equimolar ratio, and knead them enough by the ball mill or the hand mixer. 
[0018] These raw material powder is blended as shown in Table 1 and 2, and it kneads by the 
hand mixer by using ethanol as a dispersion-medium object. Next, a 100 x100 mm angle and 
die length of 100mm after drying this raw material by 100 ** for 10 hours It puts into a rubber 
die and is 1 ton/cm2. It fabricated by the pressure by the cold-isostatic-pressing method (CIP), 
1500 degrees C and 2-hour baking were further performed for this Plastic solid in atmospheric 
air, and the sample was obtained. 

[0019] thus, the obtained sample - a test piece with 1000 degrees C of quenching temperature 
differences, a - heatproof impact testxount [ 20 times / 30mm ] of repeated load x30mm angle, 
and a die length of 50mm - underwater [ 1000 degree-C30 minute heating ->10-20 degree C ] 

- 30-minute immersion ->300 ** - a below 30-minute desiccation -> Penetrant Test (color 
check) ->300 ** 30-minute desiccation -> repeat. 

- Immersion test : the component of a metal slag (1400 degrees C), 2:50 % of the weight of 
SiO(s), aluminum 203 : 10 % of the weight, CaO:20 % of the weight, Fe 203 : Na2 O:10 % of 
the weight and, apparent-porosity [ 10 % of the weight and ] inspection: It is based on 
JISR2205. ********. 

[0020] 
[Table 1] 
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[0022] Sample numbers 1-4 are the samples which manufactured the natural zircon powder 
which is a base material raw material, respectively, the high grade zircon (ZrSi04) powder 
which is a charge of add-in material, high grade zirconia (Zr02) powder + oxidization silicon 
(Si02) powder, and zirconia fiber (Zr02) + oxidization silicon (Si02) powder by 100 %, 
respectively, a sample number 1 has a problem in slag-proof erosion nature, and its apparent 
porosity is large. Moreover, sample numbers 2 and 3 have a problem in thermal shock 
resistance, and its apparent porosity is small. Furthermore in a sample number 4, shaping was 
not completed. 

[0023] Sample numbers 5-8 are what added five to 30% of the weight to the natural zircon 
powder which is a base material raw material, respectively, and manufactured high grade 



zircon (ZrSi04) powder to it, thermal shock resistance and its slag-proof erosion nature are 
also good about what added the high grade zircon (ZrSi04) powder of sample numbers 5-7 
five to 25% of the weight, and apparent porosity is 3 - 15% of range. However, a problem is in 
thermal shock resistance about the sample number 8 which added high grade zircon (ZrSi04) 
powder 30% of the weight, and apparent porosity is also as small as 2%. 
[0024] Sample numbers 9 and 10 and sample numbers 13 and 14 are what added high grade 
zirconia (Zr02) powder + oxidization silicon (Si02) powder or zirconia fiber (Zr02) + 
oxidization silicon (Si02) powder to the natural zircon powder which is a base material raw 
material, respectively, at 10 % of the weight, thermal shock resistance and slag-proof erosion 
nature also have the good additive of sample numbers 9 and 10, and apparent porosity is 13 - 
14% of range. However, by 30% of the weight of the sample number 13, apparent porosity is 
as small as 2%, and a thermal-shock-resistance problem has an additive, and shaping was not 
completed in a sample number 14. 

[0025] It turned out that sample numbers 11 and 12 and sample numbers 15-17 are two kinds 
or the thing added three kinds, thermal shock resistance and slag-proof erosion nature also 
have the good amount of the whole additive of sample numbers 11, 12, and 1 6 at 1 0 - 25 % of 
the weight, apparent porosity has them in 5 - 13% of range in an additive, and a problem does 
not have them in the natural zircon powder which is a base material raw material, respectively 
in property even if they add two or more kinds of additives. However, a problem is in thermal 
shock resistance about the sample numbers 15 and 17 from which the amount of the whole 
additive becomes 30 % of the weight, and apparent porosity is also as small as 2%. 
[0026] Next, the result of having performed the durability test to the glass fiber melting furnace, 
actually using the above-mentioned this invention article and above-mentioned comparison 
article of a sample number 6 is shown in Table 2. At this time, they are the sample number 6 of 
this invention article, the sample number 1 of the example of a comparison, and the 
comparison sample Cr 203. It is 50x50mm angle and thickness 30 mm about nature 
refractories. It forms, is used for a glass fiber melting furnace with a melting temperature of 
1300 degrees C, and is the holding time 200 It considered as time amount. 
[0027] 
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[0028] According to the above experimental result, it became clear that apparent porosity was 
first equipped with thermal shock resistance with 3 - 15% of very good baking object and slag- 
proof erosion nature, here, when apparent porosity was less than 3%, it became clear that it 
became precise and thermal shock resistance fell [ coefficient of thermal expansion ] 
remarkably for a measure reason. Moreover, on the contrary, when apparent porosity 
exceeded 15%, the impurity contained in natural zircon reacted with the slag, the erosion 
advanced, and it became clear that slag-proof erosion nature fell, moreover, in order for this 
apparent porosity to obtain the zircon refractories of the range 3 to 15% The additive added by 
natural zircon powder (grain-size grain size: 1-2000 micrometers, mean-particle-diameter:400 
mum) It turned out that one kind in high grade zircon (ZrSi04) powder, high grade zirconia 
(Zr02) powder + oxidization silicon (Si02) powder, and zirconia fiber (Zr02) + oxidization 
silicon (Si02) powder is less than 30% at 5% or more. 



[0029] Moreover, it has checked that it could fully use also with a glass fiber melting furnace so 

that clearly also from the result of Table 2. 

[0030] 

[Effect of the Invention] Slag-proof erosion nature can be improved by controlling increase of 
coefficient of thermal expansion by making apparent porosity of refractories into 3% or more 
according to this invention, holding thermal shock resistance, and making apparent porosity 
into 15% or less, as stated above, the erosion by the slag can be lessened, without reducing 
thermal shock resistance, and the part which is easy to receive an erosion can also be 
provided with usable zircon refractories. 



[Translation done.] 
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